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3 a- foot  supersonic wind tunnel to determine  the performaace characteristics u of a twin-duct  side  intake  system  joining  into a common duct and utiliz- 

h at Msch numbers of 1.5 and 1.7. Tests w e r e  made for s m a l  i n l e t  con- 

* of (1) ramp-support struts, (2) side fairings, (3) blunt and s h ~ r p  cowl 

An experimental  investigation was conducted in the m e  8- by 6- 

ing 'cwo-dFmensiansl @ compressfan ramps mounted OR a ~ e r s o n i c  airplans 

figurations  at  vsrious angles of attack, -8s of yaw, and mms-flow 
ratios. The configurations were investigated  to determine the  effects 

l ips,  and (4 )  a revised area distrilxtion in the  subsonic diffuser. 

All  the  configurations  investigated  rewrlted in mrw.71 changes in 
inlet performme characteristics.  It was faund that, at low mss-flow 
ratios, one inlet would aperate at a h&@er mass-flow ratio than the 
other for all  the  tests. lkwaring the inlet 80 that part of the rsmp 
was immersed in the bamaary layer decreased appreciably the subcritical 
m&SS-flow rasge in which both ikzcts &d qPerrt.t8 8% the Bame mSS-flW 
conditions . 

Encreasing  the  rate of warmion in the subsonic diffuser for the 
blunt-lip  inlet  with&  ide fairings increaaed the critical-pressure 
recmery approximately 12 B percent  at a Mach rnnnber of 1.5. 

The performance of a particular inlet is dependent upon the flow 
f i e l d  in  which  it  is immarsed. If the flow field is Wm, it  is 

but if the flow is distorted, the  complexity of the problem is  greatly 
8 possible to determine the performasce characteristics  thwreticallyj 



2 . .  - NACA RM E53Hl9 

variables as location, degree af b--layer removal, orientation of 
the AzseLage, a d  shape o f t h e  Rzselage must  be  experimentally  determined. 
Therefore, an investigation was conducted  to  determine  the  internal per- 
formance and drag characteristics of a twin-duct  intake  aystem  mounted 
OIL the sides of a supersonic airplane fuselage. The inlets  utilized 
a two-dimensional compression ramp, and, during the course of the 
investigation, several madificatioas  to the inlets and a modifed duct- 
area variation  were  tested. 

TBe investigation was conducted in the Lewis 8- by  &foot  supersonic 
wind tunnel at Mach numbers of 1.5 and 1.7 through a range of angles of 
attack and engine mass-flow rati 8 .  The Reynolds lIumber of the investi- 
gation was approxillrately 14.5XIO based on the length of the fuselage 
ahad  "the  inlet. 
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b 

a model angle of attack,  deg 

B flow deflection  with  respect'to  inlet  center  line, deg 

y ratio  of  specific  heats, 1.40 

6 boundary- layer  thickness 

o mass density of air 

Subscripts: 

av average 

c model  station 110.00 

f frontal 

i inlet 

0 free stream 

I fuselage survey station,  model  station 31.00 

2 diff3nxm-inlet m e y  station, model station 37.50 

3 diffuser-exit survey sts;tion, mdeL station 102.105 
I 

Pertinent a r e a s :  

Af maximum  frontal  cross-sectional  area, 2.097 sq ft 

A3 duct  area  at  diffuser-discharge  station, 0.326 sq ft 

Twin-duct, ramp-type  side  inlets  were  mounted  symmetricallg on the 
fuselage  forebody of a one-fourth scale model of a supersonic  airplane 
(fig. 1). fche model was sting  mounted  from a tunnel  strut with an inter- 
m1 strain-gage  balance  connecting the model to the  sting. A shroud, 
8lSO connected  to  the  sting,  capered the various drive mechanisms and 
formed a continuation to the fuselage. Two reverse  scoops,  located 
near  the  top of the shroud, were  used to lower  the  pressure at the  base- 
of the model. The shroud was mounted  entirely  independently of the  model 
and was believed  to W e  no appreciable  effect on the external drag. 
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A drawing of the  basic  configuration with representative model cross . 
sections is presented in figure 2. ‘Ilhe nose of the model and the inlets 
were canted down at- an angle of 5’ with respect t o  the main fuselage axis, - 
and, as a result,  the  inlets were in  l ine with the  free-stream  direction 
when the body was a t  an angle of attsck of 5O. Mass flows through the 
inlets and boundary-layer ducts were varied by means of remotely con- 
trolled plugs attached t o  the model sting. 

The Fnlets  consisted of nearly rectangular-shaped cowls with So two- 
dimensional  compression ramps. The twin-main duots were geometrically 
sbuilar and joined into a common duct at model station 101.25. Duct 
cross  section, which was nearly  rectangular a t  the inlet, changed  grad- 
ually t o  an annular cross section a t  the junction. 

Ram-type boundary-layer passages were located bmegkh each inlet 
ramp t o  remove the fuselage boundmy-hyer air. These passages, which 
discharged parallel t o  the main duct, were rectangular in cross  section 
a t  the  inlet with a padual change t o  a circular cross section a t  the 
exit. Boundaq-kyer a i r  in excess of that taken in thruugh the passages 
was deflected by  wedges 8s  shown in  figure 3. 

SectiollEI of the inlet configurations  tested are shown in  figure 2, 
and detail6 Shorn in figure 3. TO f8Cil ihte  d i S C U S S i O n  O f  the 
various inlets, the following notation system  is used hereinafter: 

Designation Description 

B 

PJo side fairings NF 
Side fairlugs F 
Sharp lip s 
Blunt l i p  

Modified duct-area variation A 
1 I I 

The E-F configuration w8s the initial  inlet  tested, and all com- 
parisons made in  this report are w i t h  respect t o  t h i s  inlet tmleas 
otherwise stated. Included in the program  were configuration changes 
to  det- the effect of ramp-support struts, the effect  of lowering 
the  inlet 80 that part of the ramp was immersed in the boundary layer, 
and the effect of removbg the inlet  side fairings. 

The very madual rate of‘ expansion in the subaonic diffuser, by 
maintaining a higher Mach  number for a longer distance,  indicated high 
friction losses. Since it was thought possible that expansion in  the 
high Mch Ler region could decrease the subfmdc diffuser  losses, 
inld B-IW was modified t o  include a mare rapid expansion in the subsonic 
diffuser (fig. 4) . ‘Po obtain the modffied rate of expansion, it was 
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N 
necessary t o  raise  the ramps, thereby  decreasing the inlet area. Thfs, 
in tmm,  caused a small increase in  the projected  area of the boundary- 

configurations with sharpened cowl l i p s  were also  investigated.  Details 
of the sharp l ips  are shorn in figures 3(b) a& (e) and detail A. 

L layer passage as shown in  detail  B of figure 3. The aforementioned 

All the  configurations  tested,  including  those f o r  which no data, 
are presented, and some pertinent measurements are as follows: 

. 

M e t  tested 

B-F 
B-m 
B-F with 
ramp struts 

B-F 
B-NF-A 
S-F 
S-MF 

Projected inlet  
frontal area, 

Ai. J 
sq f t  

0.263 
.263 
.263 . 

.256 

.238 

.256 

.256 

L Boundary-layer 
bleed  height 

(at center ~f m e t ) ,  
h, in. 

0.4 
.3 
.3 

.2 

.3 

.3 

.3 

21.0 
21.0 
21.0 

c1.0 
21.0 
21.0 
21.0 

Photographs of the  various  inlet configurations are presented in  
figure 5. 

Instmentation in  one of the main ducts  included three M e t  rakes 
of five tubes each, located a t  model station 37.50. A static-pressure 
orifice was located at   the  base of each rake. These rakes were used to 
calculate, by an area weighting method, the average total  pressurea a t  
the entrance to the subsonic diffuser. Wen the rakes were installed, 
similar aUnrmy rakes were installed Ln the other duct t o  o b t a i n  symmst- 
rical  flow. The exit of the  diffuser, model station 102.105, u&8 
instrumented with twelve w d l  s t a t i c  orifices and six radial rakes 
equally spaced. Each rake  consisted of four total-pressure tubes located 
a t  the centers of equal axeas. Four wall static orifices were located at  
model station 110.00 in the main duct and were used in the mass-flow cal- 
culations. Static-pressure  orifices were located near the junction of 
the two ducts (model station 74.00) and pressure-sensitive pickups were 
used t o  detect flow instability. !Be rear bulkhead was instrumented with 
six static-pressure  orifices which were used t o  calculate  the base forces. 
A survey of local Wch mmber and flow deglection upstream of one of the 

i c  diagrams of the wedge bar8 and theli. locations as well as a summary of 
the  results of' the survey are shown in figure 6. The local  mch numbers 

* inlets was obtained with the use of two 6 half-Ecngle wedge bars. Schemat- 

- 
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and flow derfleCtiOm3 presented are arithmetic averages of the four mB88- c 

wed values . An additional surrey in front of one OF the  inlets  at model 
station 31.00 was conducted t o  determine the thiclm.ess of the boundary 
kyer and the tcrtrrl-pressure losses ahead of the  inlet. The surrey  waa 
made with three rakes of eight tubes each, emd the  results  at an angle 
of attack of 5O are presented in figure 7. The profiles showed a neg- 
ligible change with angle of attack for the range of the investigation. 
BaM;dary-layer thickness was determined fm the profiles, and the  local 
bhch numbers obtained from the wedge survey were used t o  correct  the 
measured total  prsssures f o r  nrmnal shock recovery in order t o  determine 
the losses ahead of the inlet. 

" 

CD + 
Q) 
N 

The furce-mearmring system consisted of an internal strain-gage 
balance lacated a t  a forward model station &nd a  strain-gage lFnk mounted 
between the sting and the  rear d e l  bulkhead. The rearlinlr  was mounted 
so 8 s  to measure only 8 normal force component without iafluencing the 
axial force. Ln addition to  m e a s u r i n g  a normal force,  the rear link 
restrained  the model in  pitch, thereby  eliminating most of the model 
deflection due tu imposed air loads. The balance and strain-gage lFnk 
measured the combined internal duct forces, fuselage drag,  and model 
base forces, but did not measure the forces acting on the mass-flow- 
control plugs. The drag presented is  the streaurwise component of the 
external forces, excluding the base pressure  forces due t o  the differ-. 
0nce in base pressurefrom  free-stream static pressure and stream thrust 
develaped by the main-duct flow from free stream t o  exit. Included in 
drag i s  the momentum change due to   the flow through the boundary-layer 
ducts. From data not presented, however, the boundary-layer-duct force 
was found t o  be negligible and probably did not affect  the accuracy o f  
W6 drags presented. 

Body angle of attack was measured with an internal angle-of-attack 
indicator; the  same indicator was used t o  measure angle of gaw when the 
fusehge was rotated. 90' about its axis. 

The mass flows through the twin main ducts were calculated f r o m  the 
known open area at the exit and t he  merage of the static pressures a t  
station 110.00 with the assumption that the flow was choked at the 
geometrical minimum area of the exit. The dif'fuser total-pressure 
recoveries at survey station 3 upstream of the rake were computed  from 
the calculated mass flows and the average static pressure at   station 3. 

Mass-flow ratio m/mo is  defined a8 the ratio of the mass flow 
through the diffkser ltucts t o  that flowing in the free stream though 
an area equal t o  the  total  inlet  projected  area. The mass-flow ratios 
calculated  are consldered t o  be accurate t o  t2 percent and the total- 
pressure  recoveries t o  xithin El percent. 
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. The investigation was conducted a t  free-stream Mach numbers of 1.5 
and 1.7; model angles of attack of Oo, 1.5O, 5O, 9.5O, and -2.8Oj 

ratios. The Reynolds m e r  based an the length of the fuselage ahead 
- and  model angles of yaw of Oo, 3O, and 6' f o r  a range of mass-flow 

' of the  inlets was approximately 14.%106. 

. 

Figure 8 presents  the perfornrasce characteristics of the B-F m e t  
at Mach numbers 1.5 and 1.7 f o r  a range of -le6 of attack. Also shown 
are linss of conslt8n.t diffuser-exit Mach  number M3. For both M&ch 
numbers, peak pressure recOPerg occurred at an angle of attack of' So, at  
which angle the  inlets anti the forebody were in  line with the free-stream 
direction. For this canfiguration at  a Mach number of 1.5, the aifftrser 
performance a s  relatively insensitive to angles og attack  greater  than 
9 but was reduced a t  angles of attack less 5 . With decreasing 
mass-flow ratio, diffuser total-pressure recovery  increased a t  a Hach 
number of 1.5 and decreased slightly at a Mgch number of 1.7. The 
theoretical  supercritical mass-flow ra t io  computed from the geometry of 
the in le t   a t  a M&ch mniber of 1.5 is $ percent greater thas that obtained 

eqerimentally. This difference I s  probably due to a curv&ttzTe of the 
ramp oblique shock as compared wtth the theoretical straight shock. 
Cross-plotted data not  presented for th i s  and other  configurations 
indicate that minimum drag w&s obtained between angles of attack of 
1.5~ and SO. The drag rise from cr i t ica l  remained the m e  mr  the 
ent l re   rage  of angle of attack  for both Mach m b e r s .  

2 

To support the ramp, struts were added  between the  ram and the 
fuselage, and an  firvestigstion was made t o  determine their  effect on 
inlet performance.  Data not presented  indicate that the critical- 
pressure recovery decreased on the order of 1 percent with lower 
recaveries over the entire  subcritical region.  This  decrease i s  
probably due t o  the effect on the fuselage boundary layer  associated with . 
the ramp struts, which extended ahead of the  leading edge. Ead the 
struts been swept rearward from the l&ding edge of the ramp, it is  
probable that the  effect of the struts on inlet performance could have 
been  reduced. 

The height of the ramp from the  fuselage far inlet  B-F was such 
that no boundary-layer air was talcen abomd the inlet. In order t o  
determine the  effect on inlet performance of incomplete 'botmdary-kyer 
removal, the B-F configuration was tested with the ramp closer t o  the 
fuselage. Because of the curvature of the fuselage, only the center 
portion of the ramp was immersed in  boundarplapr air. Data not pre- 
sented indZcette that, men though only  a small region of the inlet was - arectly  affected by the boundary layer, critical-pressure recovery 
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decreased 1 percent and the mass-flaw range in  which the twin inlets oper- 
a te   a t   their  maximum pressure recovery decreased appreciably. A t  slightly 
reduced mass-flow ratios in the region of 0.850, one W e %  captured con- - 
siderably 1135s mass flow than the  other. This condition can be attributed 
i n  part t o  differences in  the flow separation off the ramps of the two 
inlets and will be discussed later in greater  detail. 

Performance curves f o r  the B-KF configuration  are shown in figure 9 
f o r  Mach numbers 1.5 and 1.7. In comparlson with the B-F M e t ,  the 
effect of removing the sfde fairings on diffuser pressure recovery can 
be seen t o  be negligible and KLthin the accuracy of the data. It can be E 
noted, however, that a t  mass-flow ratios below 0.8, pressure recovery 
decreased slightly  as compared with the B-F inlet. IncreaBes in  drag 
coefficient can be seen a t  both Mach numbers. A t  W h  number 1.5, a 
slight increase i n  drag coefficient  cas be seen a t  all angles of attack 
except 5O. However, a t  Wch n u m b e r  1.7, the  increase in  drag coefficient 
i s  bger and occurs a t  both e e s  ~f attack of 1.5~ ana so.  his drag 
increase i s  believed t o  be caused in part by the difference  in  inlet 
external  fairing that results with the removal of side  fairings. 

to 

Figme 10 presents the inlet  total-pressure contours fo r  one duct 
of inlet  B-IBF a t  angles of attack of 1.5' and 50 for  several mass-flow 
ratios. It can be seen at a h c h  number of 1.5 that , f o r  a mass-flow 
ratio near c r i t i c a l  and a t  an angle of attack of 5O, a relatively  large 
region of high-pressure air  exists over the face of the inlet with 
regions 09 low-energy a i r  a t  the corners o f%he  inlet. A t  reduced mass- 
flow ratios, the ramp boundary layer thickens as Fndicated by the larger 
region of low-energy air and ultimately results in flow separation off 
the ramp. It can be noted that, f o r  a nsar cr i t ical  mass-flow ratio, a 
larger area of low-energy a i r   ex is t s   a t  an angle of attack of 1.5' than 
a t  an angle of attack of 5'. A t  a Mach number of 1.7, the contours a t  
mass flows less than critical  indicate that a  region of reverse flow 
occurred as a reeult of separation a t  angles of attack of 1.5' and 5O. 

Schlieren photographs presented in  figure I1 verify the presence of 
separation as seen in  the  inlet contours for  both Wch numbers. It can 
also be noted that the curvature of the oblique shock occurs near the 
ramp as mentioned previously. These schlieren photographs were taken 
with the model in  the y a w  position a t  an angle of yaw of zero; and, 
because the MSO and model inlets -re canted 50 with respect t o  the 
fuselage  center Une, the  inlet angle of attack i s  -5O with respect to 
the  free-stream  direction. 

Total-pressure contours 6% station 3 are shown fn figure 12(a) t o  (c) 
a t  mch number 1.5 f o r  mass-flow conditions comparable t o  those  presented 
in  figure 10. The right  side of the duct of figure 1 2  (as the reader 
sees L t )  i s  in line uith the inlet f o r  which the  total-pressure contours 
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I are presented. From figure  lz(a) and (b) for high subcritical mass-flow 
ratio, a symmetrical flow pattern  exists  in the duct, with the high- 
pressure  region  equally distributed on the  sides of the duct in line 
with the inlets. F r o m  this distribution it is evident that both k c t s  
me operating at the same mss-flow conditions f o r  both angles of attack. 
W i t h  decreasbg mass flow at an sngle of attack of 9 (fig. lZ(c) ), 
asgmmetry results with me side of the duct operating a t  a higher total- 
pressure level than the other. I= thls particular case, the right side 

condition probably is  a function of the  differences in separation off 
the ramps of the two inlets. The separation at  reduced nrass-flow ratios 
i s  shown in figure 10. It must be mentioned that, though thee8 con- 
tours  of figure 12 indicate  the left duct to  be operathg  a t  a higher 
miss-flow ratio than the right, both ducts experienced this condit.ion 
at 8ome time during the test .  For these  conditions, the inlet shock 
system exhibited no tendency to oscillate  periodically. 

N of the duct captures less nass flow than the left, This asymmetric flow 
5 

cu 
CDr 

I Figure  lZ(d)  presents a contour showfng a condition where one duct 
u operated supercritically while the other operated with reverse flow. 

For a l l  the configurations  tested, a t  very low mass-flow ratios, one 
duct operated supercritically w h f l e  the other operated with almost 
corapletely reverse flow. Two factors that may determine which h c t  oper- 
ates  supercritically  are minor differences in the construction of the 
two inlets and  asymmetry in the flow entering the inlets. 

A breakdown of the total-pressure losses for the gW configur8tian 
a t  Mach numbers 1.5 and 1.7 8% an angle of attack of 5 is  shown in 
figure 13. The total-pressure loss ahead of the inlet  was computed 
from an Fntep8tion of the  total  pressures measured with total-pressure 
rakes ahead of the inlet and m s  found t o  be essentially  the same a t  
both Mach  IILrml3ers. The supersonic losses were calculated using the 
integrated  tutal  pressures a t  the inlet rake station 57.50, and the duct- 
ing or subsonic diffuser losses were obtained  using the  integrated 
total pressures at the exit rake station 102,105, Also included in the 
figure are esthsted supersonic and subsonic dWE'user total-pressure 
losses. Included in  these  estimations are the experimental pressure 
losses ahead of the  inlet. The supersonic losses were calculated from 
the shock canfiguration, which consisted of one oblique and one normal 
shock. For the subsonic diffuser, losses of 6.7 percent of' free-stream 
t o t a l  pressure a t  Mach mmber 1.5 and 5.7 percent of free-stream total 
pressure a t  Mach  number 1.7 were  estimEbted from an adaptation of the 
method of reference 1. These losses were estimted f o r  c r i t i ca l  condi- 
tions only. The experimental results at a Mach number of 1.5 showedthe 
supersonic losses to remain relatively constant with reduced mass-flow 
ratio t o  around 0.8 and to increase  thereafter. The increase at reduced 
mass flows can  be attributed to facreasing amounts of separation off the 
ramps (and/or the  separated flow not reattaching to the duct surface) . 



The estimated sqpersonic loss at c r i t i ca l  m a s  flow is approximately 2 
percent less thas the experimental yalues, probably caused in  part  by 
corner effects as shown fa f l g ~ r o  lo(a)  to ~ o ( c ) .  me large ducting 
loss at a cr i t ica l  mass-flow ratio of 0.95 for mch number 1.5 can be 
attributed t o  the high subsonic inlet Mach armrber and the slow rate of 
-ion existing in the initial portion of the subsonic difArser. 
These factors are examined later. With decreasing mass flow, the ducting 
loss can be seen ta decrease. The &creasing  ducting 1088, slang with 
the esserrtially constent wrpersanic losses t o  a mass-flow ratio of 0.8, 
accounts for the increase ~n pressure reccIvery seen in figure 9(a) .  he 
auperaanic losses increased at  a faster rate than the subsonic losses 
decreased a t  mas~-flow ratios below 0.8, accounting for the decrease in 
tot8l-pressure recovery also seen in figure 9(a). A t  Mnch number 1.7 
the experimental supermnic losses are s o m e w h a t  higher than estimated 
8s  a result of ti relatively thick  amp boundary layer and corner effects 
ahown in figure lO(d) t o  10(f). The supersonic losses increase with 
decreasing mas8-flow ratio, partly because of  ramp separation and reverse 
flow, also shcrwn i n  figure 10. A t  reduced mass-flow ratios, a  vortex 
sheet can be seen to  enter the inlet as shown in  figure Il( d) . The 
lower energy air outside this vortex &set entering the inlet would also 
necessarily increase the supersonic total-pressure loss. 

(0 
k m 
N 

The rs te  of diffusion in  the inithl portion &.the subsonic diffuser I 

was very low, as &own i n  figure 4. WE Low rate of aFFfusion  tended 
t o  maintain the high subsonic lkch number that existed a t  the entrance 
of the Wfuser   a t  a  free-stream Mach  nuraber of 1.5 and resulted in rel- 
atively Ugh friction losses. Therefore, in an effort to  reduce friction 
losses a t   Bch  number 1.5, the area distribution in  the subsonic diffuser 
of inlet B4" was modified so as to attain an increased rate of eqpansion 
mar the inlet. The inlet ramp was raised to  attain the area VariatiOnj 
the resultingmodfficatian of the external configuration caused a small 
increase in the boundary-lager-system frontal area a8 shown in figure 3. 
Therefore, ang comparison of drag coefficient is inval id  because of the 
configuration change. Figure 14 presents the performance resu1.t~ of the 
modification to  inleit B-MI? (designated a8 M e t  B-IBF-A) . Critical- 
pressure recov-ery a t  angles of attack of 5O and 9.5O Increased l& percent 
as compared with inlet  B-NE' (fig. 9(a)) a t  Mach number 1.5. A t  Mach 
number 1.7 the pressure recovery was essentially the same within the 
a c m c y  of the dak. It was t o  be expected that the performance a t  
a Mach number of' 1.7 would not be  -roved as much as at a Mach  rmniber 
of 1.5, since the  inlet Wch  number was lower than a t  1:Sj the 
decrease in   f r ic t ion losses therefore would be less significant. 

2 

Performance a t  angles of yaw of Oo, 3O, and 6O, together with t o t a l -  
pressure cantours, is presented in  figure 15 a t  Mach number 1.5 for inlet 
B-W-A. A t  8 body angle of yaw of zero, the inlets are a t  an angle of 
attack of -5 with respect t o  the free-stream direction because of the 
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5' droop of the  nose  and  inlets.  with  increasing  angle  of yaw, peak 
pressure  recovery  decreased  rapidly,  whereas the suyercritical mass- 
flow ratio rmafned relatively  constant.  The  total-pressure  contours 

.I are presented for angles  of y a w  of 3O and So for a supercritical  and 
subcritical  mass-flow  ratio. A t  angles of yaw of a d  for a crit- 
i C d  IUasS-fhW  ratio of 0.885, a 6ometrhat Imger  high-pressure region 
exists  in  the  windward  duct than in  the  leeward  duct, as m l d  be expect- 
ed. With  reduced mass-flow ratio, this conditlm becomes  more  pranounced. 
The performance of the windward  duct w o u l d  necessarily  be  higher,  since 
at angle of yaw  the  Mach  number 8hWd of %he inlet  is  lower as a result 
of compression by the  f'uaelagej  the  effbctive r8mp angle is larger, 
decreasing the possibility of shock-fnduced separation; and the boundary 
layer  is  thinner. The leeward  duct would experience a thicker  boundary 
layer and 8 higher  inlet  Mach umber. 

N 
(D 
4 
43 

"he internal  contraction  associated with a blurblip inlet  could 
increase the inlet Mach number and  subsequently the subsonic-diffuser 
losses.  Also, the passibility of obtaining  higher cowl pressure drags 

configuraticm  investigated. In order to eliminate the internal cmtrac- 
tion and t o  m l u a t e  the effect on the accmnying high ducting losses, 
particularly  at  Mach  number 1.5, the cowl  Lips of inlet B-F and B-NE , 

were  sharpened and investigated. The variations of diffuser total- 
pressure  recovery and drag coefficien% Kfth mss-flow ratio are shorn 
in figure 16 for  inlet S-F. Results of . t h e  investigation  indicate no 
appreciable change in perf-ce 8s  compared with inlet B-F, and, 
therefore,  the effect of contraction due to the  blunt lip appeared  to  be 
negligible. A slight increase in drag coefficient  can  be noted, but  can 
be  attributed  probably  to  the  change in inlet external fairing aft of 
the Cowl lip caused by the Sharp- Of the lip. "t;& n0-k pr8Smkd 
show  the remmal of side fairings to h m e  no effect on the  inlet per- 
f ormance. 

&I s 
P at supersonic  speeds would tend  to  increase  the  over-all drag of the 
cu 
I e 
u 

- 

With  the  exception of the  performsnce  characteristics of M e t  
ENF-A, all the modif'icstions to the B-F inlet investigated had little 
or no effect on internal perfommnce. It can be concluded  that, f o r  the 
model  and the  variables  investigated,  the  designer has a relatively 
large  freedom of choice  in his selection of &g inlet  configuration. 

An investig8tion was conducted in the Lewis 8- by  6-foot  supersonic 
wind tunnel  to  determine  the  performance  characteristics of twin-duct 
ram-type  side  inlets joining into a common  duct and mnted on the fuse- 
lage forebody of a one-fourth  scale  model of a supersonic airplane. The 
tests were conducted  at  Mach  numbers of 1.5 and 1.7 through a range of 



angles-of attack,  angles of yaw, and mass-flow ratios. The inlets  uti- 
lized 6' two-dimensional  compression ramps Bnd fieelage boundar-y-layer- 
removal  systems. Inlet modifications w e r e  investigated t o  determine the 
effects of (1) side fairings, (2) ramp-eupport struts, (3) sharp and blunt-- 
cowl lips, and (4) a revised area distribution in  the subsonic diffuser. 
The following result8 were obtained: 

.I 

1. A l l  the inlet mdifications  investigated  resulted in small changes 
in the performance characteristics of the blunt-lip inlet with side fair- 
ings * 

2. At low mass-flow ratios, o m  in le t  operated a t  a higher mass-flow 
ra t io  than  the other for all the configuratiqu.8 tested. Lowering the 
inlet 80 that part of the ramp was immersed in the boundary layer appre- 
ciably decreased the  subcritical mass-flow range in  which.both ducts 
would operate a t  the same mass-flow conditions. 

3. Increasing  the rate  of expansion in the subsonic diffuser f o r  
the  blunt-lip  inlet witho t side fafrhgs increased the  cr i t ical  diffuser 
total-presme recovery L Y percent a t  a Mach number of 1.5. 

2 
4:Neither side fairings nor sharpening of the cowl l ips  appreciably 

affected the diffusar total-pressure recovery. 
. .  

Lewis Flight Propulsion Laboratory 
National Advisory  Committee for AeroaaUtics 

Cleveland, Ohio, August 21, 1953 

- . .. 

*. " 

1. Bailey, N e a l  P.: Thermodynamics of: A i r  a t  High Velocities. Jour. 
Aero. Sci., vol. 11, no. 3, July  1944, pp. 227-238. 
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0.06" Radius 

Deta i l  A Detail E 

Boundary-layer duct 
YBoundary-layer-removal wedge 

7. 

(a} Blunt-lip inlet with 
side fairings. 
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I 1, . . . . . . . . , 

(a) Blunt-lip inLet w i t h  
no side fairFngs. 
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ith (c) Blunt-lip W e t  
side fakings and 
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(e) S W P - l i p  i n l e t  with ( f )  Blunt-lip M e t  with 
nc side fairings. no aide fairings. Mod-  

if  ied  duct area. 
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NACA RM E53H19 0 

(a) B l u n t - I A i  inlet with side fair&. 

(b) B l u n t - l i p  inlet uith side fairFnge and 
ramp struts. 

F m  5. - InLet &iguratim. 
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Figure 6. - Details of wedges and survey results. =-?v= 
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(a) h c h  nmber, 1.5. (b) Hach Ilumber, 1.7. 
Figure 7.  - BounaaryClayer profiles ahead of inlet at w e  of attack of F. 
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(a) Hach number, 1.5. 

.5 .6 .7 -8 .9 1.0 
Mass-flow ratio, m,& 
(b) Mach number, 1.7. 

Figure 8. - Pericmance charact&tice of inlet B-F. - 
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&O 
( a )  Mach number, 1.5" 
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. 

[ a )  Mach &e 1.5: angle  (bT Mach number. 1.5: angle (c) Mach number, 1.5; angle 

ratio, 0.818. 
Of attack, 5'; mss-flow of attack, 50; mass-rlor or attack. 1S0; mass-flow 

ratio, 0.698. ratio, 0.819. 
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(a) &ch numbr, 1.5; mass-flow * t i o r  (b) Mach number, 1.5; mass-flow ratb, 
0.909.  0,801. 

(c) Maah number, 1.7; maee-flow ratio,  - (a) &oh number, 1.7; mea- f lar  ra t io ,  
0.957. - 0.752. 
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2 (a) Mach number, 1.S. 

(b) Mach number, 1.7. 
Figure l.3. - Breakdown of total-pressure losses for inlet B-IW 

at angle of attack of 5'. 
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(a) Mach  number, 1.5. 

~ass-flo~ ratio, D J ~  

(b) Mach number, 1.7. 

Figure 14. - Performance characteristics of M e t  B-HF-A, 
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Figure W. - Performance characterietice of inLet B-IPF-A and dfffueer-exib 
t&&.-preseure contoura PJ/Pa for Mach number 1.5. - . 
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